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In the  present  study  was  conducted  to examine  the  effects  and  interactions  of  dietary  vitamin  C  levels
on  the  growth  performance,  antioxidant  ability,  muscle  composition  and  enzyme  activity  in freshwater
prawn  Macrobrachium  malcolmsonii  (M.  malcolmsonii). Additional,  the  vitamins  C was  dietary  supple-
mented  for freshwater  prawn  M.  malcolmsonii. The  experimental  basal  diets  were  supplemented  with
M.  malcolmsonii  at the  rates  of  0  (control),  25, 50, 100,  200  and  400  mg/kg  dry  feed weight.  The as-
supplemented  vitamin  C was  fed  in M.  malcolmsonii  for  a period  of 90  days.  In  the  present  investigation
revealed  that prawns  fed  with  diet  supplemented  with  25–100  mg/kg  of  vitamins  C  shows  enhanced
(P < 0.05)  growth  performance,  including  ﬁnal  weight  and  weight  gain  (WG).  No  signiﬁcant  differences
(P  > 0.05)  in  feed  conversion  ratio  (FCR)  were  observed  in prawn  fed  different  diets.  Addition,  prawns
fed  with  25–100  mg/kg  of vitamins  C  supplemented  diets  achieved  signiﬁcant  (P  < 0.05)  improvement
in  growth  performance,  digestive  enzyme  activities,  and  muscle  biochemical  compositions,  while,  the
prawns  fed  with  100  mg/kg  of  vitamin  C showed  enhanced  performance  respectively.  Prawn  fed  on  diet
supplemented  with 100  mg/kg  of vitamin  C showed  signiﬁcantly  (P <  0.05)  higher  total  protein  level. How-
ever,  the  prawns  fed  with  above  200–400  mg/kg  showed  poor  performance.  The  antioxidants  enzymatic
activity  (SOD,  CAT)  metabolic  enzymes  status  in muscle  showed  no signiﬁcant  (P > 0.05)  alterations  in
prawns  fed with  25–100  mg/kg  of  vitamin  C  supplemented  diets.  Therefore,  the  present  study  proposed
that  100  mg/kg  of  vitamin  C could  be supplemented  for ﬂexible  enhanced  survival;  growth,  antioxidant
defense  system  and  production  of  M. malcolmsonii.
utho©  2016  The  A
. Introduction
Ascorbic acid (vitamin C) is required for all vertebrate animals.
t plays is an vital roles in the growth, collagen formation, iron
etabolism and haematology, reproduction, response to stressors,
ound healing and immune response (NRC, 2011). Vitamin C is
lso a powerful antioxidant which protects low density lipopro-
eins from oxidation, reduces harmful oxidants in the stomach and
romotes iron absorption (Buettner and Jurkiewicz, 1995); as well
s other physiological functions of animals. A deﬁciency of vitamin
 results in bone or hard tissue deformation (Wang and Huang,
015).
∗ Corresponding author at: Department of Zoology, Bharathiar University, Coim-
atore, 641 046 Tamil Nadu, India.
E-mail address: asai.protein@gmail.com (A. Asaikkutti).
ttp://dx.doi.org/10.1016/j.aqrep.2016.04.002
352-5134/© 2016 The Author(s). Published by Elsevier B.V. This is an open access articl
.0/).r(s).  Published  by Elsevier  B.V.  This  is an  open  access  article  under  the CC
BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Conversely, the majority of the crustacean’s species cannot
synthesize vitamin C because of the lack of the enzyme, l-
gulunolactone oxidase, which is necessary for the last step of
vitamin C biosynthesis (Webster and Lim, 2002). Consequently,
many aquatic animals are dependent on constant supplies of vita-
min  C through the feed. Vitamin C supplemented diets can be
improve growth, survival, feed efﬁciency, moulting, stress resis-
tance and immune response in penaeid shrimp (He and Lawrence,
1993; Hsu and Shiau, 1997; Lee and Shiau, 2002); Shrimp that
fed diets without sufﬁcient vitamin C supplementation are weak
and fragile, with reduced moult frequency or incomplete moulting
because of impaired collagen synthesis (Catacutan and Lavilla-
Pitogo, 1994; Chen and Chang, 1994).On the other hand, most of the knowledge of vitamin C require-
ments has been derived from the studies of juvenile stages of
Penaeus vannamei (He and Lawrence, 1993); Penaeus monodon
(Chen and Chang, 1994); P. monodon (Hsu and Shiau, 1998) or
e under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
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Table 1
Ingredients and proximate biochemical composition of basal diet.
Ingredients Weight (g/kg)
Fish meala 390
Soybean mealb 200
Wheat branb 180
Tapioca ﬂourb 150
Egg albuminb 30
Cod liver oilb 20
Vitamin mix*, c 10
Fe free Mineral mix† 20
Proximate composition (g/kg)
Protein 410.78
Carbohydrate 290.37
Fiber 50.10
Lipid 60.29
Ash (%) 10.46
Moisture (%) 7.00
Energy (kJ/g) 14.76
* Vitamin premix (per kg of diet): vitamin A, 2000 IU; vitamin B1 (thiamin), 5 mg;
vitamin B2 (riboﬂavin), 5 mg;  vitamin B6, 5 mg;  vitamin B12, 0.025 mg;  vitamin D3,
1200 IU; vitamin K3, 2.5 mg; folic acid, 1.3 mg; biotin, 0.05 mg;  pantothenic acid
calcium, 20 mg;  inositol, 60 mg;  -tocopherol (35%), 110 mg;  niacinamide, 25 mg.
† Mineral free mix  contains CuSO4·5H2O, 6 mg; CaCO3,164 mg; NaH2PO4 2H2O,
148 mg;  KH2PO4 2H2O, 337.6 mg; CaCl2, 66.64 mg; MgSO4, 7H2O 80 mg; KCl,
22.40 mg;  AlCl3·6H2O, 0.96 mg;  MnSO4 H2O, 11.45 mg; ZnSO4, 90 mg;  COCl2 6H2O,
1.41 mg; KI 1.81 mg;  cellulose, 69.74 mg  per gram.
a Ingredients purchased from Rosen ﬁsheries, Marathakkara, Thrissur, Kerala,
India.
b Ingredients purchased from Kannan Departmental Store, Coimbatore, Tamil
Nadu, India.30 A. Asaikkutti et al. / Aquacu
ther larval shrimp like Marsupenaeus japonicas. When the vitamin
 source was l-ascorbyl-2-polyphosphate (ApP), the requirements
eported for the penaeid shrimp were 90–120 mg  kg−1 diet for juve-
ile P. vannamei (He and Lawrence, 1993); 210 mg  kg−1 diet (Chen
nd Chang, 1994) and 117.2 mg  kg−1 diet (Hsu and Shiau, 1997)
or P. monodon. However, vitamins C have not been used as animal
eed so far. This is the ﬁrst report to use a vitamin C as feeds for
reshwater prawn Macrobrachium malcolmsonii development.
Aquaculture is one of the prime food producing segments sub-
equently to agriculture. Palaemonid prawns are an important
conomic resource in the world’s crustacean ﬁshery industry as a
ajor component of tropical and subtropical ﬁsheries (Holthuis,
980; Mantelatto and Barbosa, 2005; Hossain et al., 2012).
lobal production of freshwater prawn M.  malcolmsonii (H. Milne
dwards, 1844), commonly known as the monsoon river prawn is
he second-largest after the M.  rosenbergii and is a fast growing
rawn which is widely distributed throughout the Indian sub-
ontinent (Hossain et al., 2012). M.  malcolmsonii are important
reshwater prawn species having commercial importance in the
orld due to its rapid growth, larger size, better meat quality and
elicious taste, good source of protein, essential amino acids and
olyunsaturated fatty acids, and very low in fat, it can be used as a
elicious healthy choice of food for human consumption. M. rosen-
ergii and M.  malcolmsonii are the two freshwater prawn species
aving more commercial and economical importance in market
rice as export level (Sahu, 2012). There are many researches about
ts nutritional requirements, but limited information was  published
oncerning the vitamin C requirement and nutritional function.
urthermore, there is no information about antioxidant effect and
erum biochemistry parameters of vitamin C on M. malcolmsonii,
hich are important factors affecting prawn’s health. Therefore, the
bjective of this present study was to estimate the dietary vitamin
 supplemented and its effect were further evaluated on growth
erformance, body composition, antioxidant capacity and serum
iochemistry parameter in M.  malcolmsonii.
. Materials and methods
.1. Feed ingredients and preparation
Diets were prepared at the laboratory and composed of locally
vailable feed ingredients. The feed grade ﬁshmeal powder was
urchased from Rosen ﬁsheries, Thrissur, Kerala, India. The supple-
entary basal feed ingredients such as soybean meal, groundnut
il cake, wheat bran, obligatory properties (egg and tapioca ﬂour)
nd sunﬂower oil were purchased from a local store, Coimbatore,
amil Nadu, India. The vitamin mix  capsules were purchased from
 medical shop, Coimbatore, Tamil Nadu, India (Table 1). As a ﬁrst
tep, the basal ingredients namely ﬁshmeal, sundried soy meal,
roundnut oil cake and wheat bran were ground independently
sing a micro pulvelizer and sieved through a 60 m mesh. The pow-
ered and sieved feed ingredients were weighed out and mixed
horoughly in 6 different ratios for preparing six different diets 1
ontrol and 5 different diets containing vitamin C at various lev-
ls such as 0 (control), 25, 50, 100, 200 and 400 mg/kg dry feed
eight. The blends were cooked in a pressure cooker for 15 min
t 95–100◦ C and were allowed to cool at room temperature. The
ooked blends were mixed with the replacement material (vita-
in  C at various concentrations), vitamin tablets (1%), sunﬂower
il (2%), egg albumin and tapioca ﬂour (12%) for binding and then
0% of boiled water was added and blending well (5 min) until the
ixture achieves a dough consistency. The dough was pelletized in manual pelletizer ﬁxed with 3 mm diameter and the pellets were
ollected in aluminium trays. Then the feeds were dried in a ther-
ostatic hot air oven (Microsil INDIA, Universal Lab Product Co.,
hennai, India) until the moisture content was reduced below 10%.c Ingredients purchased from Aruna Medicals, Maruthamalai, Coimbatore, Tamil
Nadu, India.
The dried feed pellets were visually examined for their physical
appearance, such as uniformity, color and fragrance. The chemical
composition of the ingredients has been provided and the weight
of the ingredients and prepared feed proximate composition were
provided in Table 1.
The basal diet without addition of l-ascorbyl-monophosphate
(Sigma Chemical Co., Mumbai, India) was  referred to as the control
diet. The basal diets were supplemented with six l-ascorbyl-
monophosphate levels (0, 25, 50, 100, 200 and 400 mg/kg diet)
at the expense of small amounts of cellulose. The dietary vita-
min  C concentrations were analyzed by high-performance liquid
chromatography (HPLC) to be 3.29 (0 mg/kg), 26.13 (25 mg/kg),
50.61(50 mg/kg), 105.56 (100 mg/kg), 211.31 (200 mg/kg), 403.11
(400 mg/kg), respectively. The actual quantities of vitamin C dif-
fered slightly from expected content, most probably because of the
manufacturing technique (Table 1). The 3.0 ± 0.97 mm diets were
prepared and stored until use for the feeding experiments accord-
ing to the method of Liang et al., 2015; Wang and Huang, 2015; Chen
et al., 2015. The analyzed proximate compositions of formulated
feeds are given in Table 1 (AOAC, 1995).
2.2. Collection of experimental animals and maintenance
The monsoon river prawn Macrobrachium malcolmsonii (H.
Milne-Edwards, 1844) 1000 post larvae (PL) were collected from
the Lower Anaicut (Latitude 11◦29′; longitude 79◦50′ E) of the
Cauvery River in south india (east longitude: 70◦30′ and 79◦45′
and the north latitude: 10◦51′ and 13◦30′). They were transported
to the laboratory in oxygen ﬁlled polythene bags. The prawns
were acclimatized in crustacean biology laboratory (Bharathiar
University, Coimbatore) condition with ground water in two
cement tanks (6 × 3 × 3 feet) for 2 weeks. The ground water sat-
isﬁed the required physico-chemical parameters (Temperature,
28 ± 3.0 ◦C; pH, 7.0 ± 0.20; total dissolved solids, 0.92 ± 0.09 g L−1;
dissolved oxygen, 6.80 ± 0.40 mg  L−1; BOD, 33.0 ± 3.0 mg  L−1; COD,
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20.0 ± 20.0 mg  L−1; ammonia, 0.031 ± 0.007 mg  L−1). The prawns
ere provided adequate aeration. During acclimatization period
hey were fed with boiled egg albumin, Artemia nauplii (Artemia
alina) and control feed prepared with basal ingredients alterna-
ively three times (at 6 pm,  6 am,  and 12 pm respectively) per day,
nd 80% of aquarium water was renewed daily at 6 am
.3. Experimental design
Six groups of prawns ranging from (1.59 ± 0.34 cm length;
.17 ± 0.02 g weight) was assigned in triplicate. Forty numbers
f PL were introduced in a 40 L plastic tank at the rate of 1 PL/l.
n each experimental group maintained as triplicate, each group
ontains 40 PL × 3 = 120 PL, Totally 120 PL × 6 group = 720 PL were
aintained in separate experimental aquarium for feeding exper-
ment. A mild aeration was given continuously throughout the
eriod of experiment. A group was served as control and fed with
0’ concentration of vitamin C supplemented diet. The remaining
ve groups were fed with 25, 50, 100, 200, and 400 mg/  kg of
itamin C-supplemented diets respectively. The experimental
roups were fed with their respective diets, twice daily at 6:00 am
nd 6:00 pm. The daily feed ratio was adjusted to 10% of the body
eight of PL throughout the feeding period. The feeding period
as scheduled for 90 days. In the experimental setup, animals
ere maintained at natural photoperiods in the laboratory con-
ition at the room temperature at 25◦ C ± 2◦ C. On the ﬁnal day
f the experimental period, the prawns from each group were
acriﬁced and various analysis were performed as follows: 10 PL
ere used for analysis of growth and energy utilization param-
ters (10 PL × 3 = 30 PL/group × 6 = 180 PL); 3 PL for proximate
omposition analyses (3 PL × 3 = 9 PL/group × 6 = 54 PL); 3 PL for
igestive enzyme analyses (3 PL × 3 = 9 PL/group × 6 = 54 PL); 3 PL
or carcass mineral contents (3 PL × 3 = 9 PL/group × 6 = 54 PL);
0 PL for Total and Differential Haemocyte Counts
10 PL × 3 = 30 PL/group × 6 = 180 PL); 5 PL for Activities of
nzymatic antioxidants (5 PL × 3 = 15 PL/group × 6 = 90 PL)
nd 5 PL for Activities of Metabolic Enzymes
5 PL × 3 = 15 PL/group × 6 = 90 PL) Therefore, totally 702 PLs were
180 + 54 + 54 + 54 + 180 + 90 + 90 = 702) sacriﬁced and 522 PLs
54 + 54 + 54 + 180 + 90 + 90 = 522) utilized for analyses.
.4. Analysis of survival, growth, and food indices
At the end of the feeding trial, the survival rate, growth (length
ain and weight gain) and other food index parameters such as
eed intake, speciﬁc growth rate, feed conversion ratio, and pro-
ein efﬁciency ratio were individually calculated by the following
quations (Tekinay and Davies, 2001):
urvival (%) = Number of prawn survived
Initial number of prawn
× 100
ength gain (cm) = Final length − Initial length
eight gain (WG) =
(
(Final weight − Initial weight)
Initial weight
)
× 100
Speciﬁc growth rate (SGR)
=
(
(log Final weight − log Initial weight)
Experiment period
)
× 100ood conversion ratio (FCR) = Total feed intake (g)
Total wet weight gain (g)Reports 3 (2016) 229–236 231
Protein efﬁciency ratio (g) = Weight gain (g)
Protein intake (g)
Feed intake g day−1 = Feed eaten (g)
Total number of days (g)
2.5. Assay of digestive enzymes
Activities of digestive enzymes (protease, amylase, and lipase)
were assayed on the initial and ﬁnal days of the feeding experiment.
The whole digestive tract and hepatopancreas were homogenized
in ice cold double distilled water and centrifuged at 9300g under
4 ◦C for 20 min. The supernatant was used as a crude enzyme source.
Total protease activity was determined by the casein-hydrolysis
method Furne et al. (2005) where 1 unit of enzyme activity repre-
sents the amount of enzyme required to liberate 1 g of tyrosine per
minute under assay conditions. Amylase activity was determined
by the starch-hydrolysis method. The speciﬁc activity of amylase
was calculated as milligrams of maltose liberated per gram of pro-
tein per hour (Bernfeld, 1995). Lipase activity was analyzed by the
method Furne et al. (2005). One unit of lipase activity was deﬁned as
the amount of free fatty acid released from triacylglycerol per unit
of time estimated by the amount of NaOH required to maintain pH
constant and represented as mille equivalents of alkali consumed.
2.6. Estimation of muscle biochemical composition and carcass
mineral contents
Analysis of total nitrogen, crude protein, moisture, and ash con-
tents was performed according to the standard procedures AOAC
(1995). Dry matter was obtained by drying at 105 ◦C until a const
ant weight was  achieved. Ash content was  obtained by burning in a
mufﬂe furnace a t 600 ◦C for 12 h. Total nitrogen and crude protein
(N∗6.25) were analyzed after single acid digestion using a Kjeld-
hal apparatus (model: Kelplus DISTYL-BS manufactured by Pelican
Equipments Pvt. Ltd. Chennai, India). Concentrations of muscle total
protein (Lowry et al., 1951), total amino acids (Moore and Stein,
1948) and total carbohydrate (Roe, 1955) were analyzed follow-
ing standard methods. The total lipid was  extracted by the method
Folch et al. (1957) and estimated by the method Barnes and Black
Stock (1973). The carcass mineral contents such as Cu, Zn, Fe, Ca,
Mg,  Na, and K were analyzed using the Atomic Absorption Spec-
trophotometer (AAS) (Perk in -Elmer; Model 2380) in air acetylene
ﬂame by adopting the triple acid digestion method (AOAC, 1995).
To achieve this, sacriﬁced prawns were digested in 9:3:1 ratio of
HNO3, H2SO4, and HClO4 using a hot plate at 400 ◦C for 2 h. The
digested samples were allowed to cool to room temperature and
diluted with double distilled water.
2.7. Total and differential haemocyte counts
After the ﬁnal weighing, 10 prawns were randomly taken from
each aquarium. Collectively ten numbers of prawns were blotted
dry and 100 L haemolymph was  withdrawn from the ventral sinus
in the ﬁrst abdominal segment using a 26-gauge hypodermic nee-
dle on a 1-ml syringe. Each syringe was preﬁlled with 200 L of anti
coagulant (10 mM Tris-HCl, 250 mM sucrose, 100 mM sodium cit-
rate, pH 7·6). The haemolymph was placed in test tubes and diluted
immediately with an equal volume of the anticoagulant to prevent
clotting and maintain haemocyte integrity. Fixed haemolymph was
diluted at 1:2 ratio (v/v) with ice-cold phosphate-buffered saline
(PBS, 20 mM,  pH 7.2). The diluted haemolymph of 10 PLs was  pooled
for total haemocyte count (THC) and differential heamocyte count
(DHC).
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Fig. 1. Relationship between weight gain (WG) speciﬁc growth rate (SGR) on dietary
vitamin C levels based on a broken-line regression analysis, where X represents32 A. Asaikkutti et al. / Aquacu
Aliquots of 100 L of the diluted haemolymph were used for
otal haemocyte count. The diluted haemolymph was stained with
0 L of Rose Bengal strain (1.2% Rose Bengal in 50% ethanol) and
ncubated at room temperature for 20 min. THC was determined by
aemocytometer (Neubauer improved, Germany) under the light
icroscope at RP 1000 × (Labomed, CXR2).
THC
(
×106 cells ml−1
)
= Counted cells × depth of the chamber × dilution factor
Number of 1-mm square
For DHC, ﬁxed haemolymph was stained with Rose Bengal solu-
ion (10%) for 10 min  and smeared on a slide. The numbers of
ifferential haemocytes, such as hyalinocytes, semigranulocytes
nd granulocytes, were characterized according to Tsing et al., 1989
nd 350–400 cells from each smear were counted under a Trinocu-
ar Inverted Microscope (model number INVERSO 3000) RP 1000×.
.8. Activities of enzymatic antioxidants
Muscles and hepatopancreas of test prawns were individually
omogenized (10% w/v) in ice-cold 50 mM Tris buffer (pH 7.4),
entrifuged at 9300g for 20 min  at 4 ◦C and the supernatant was
sed to assay the enzyme activities. Soluble protein concentration
as determined by the method of Lowry et al. (1951). Super-
xide dismutase (SOD) activity was measured using pyrogallol
10 mM)  autoxidation in Tris buffer (50 mM,  pH 7.0) (Marklund
nd Marklund, 1974)and the speciﬁc activity of the enzyme was
xpressed in U/mg protein. Catalase (CAT) activity was  measured
sing H2O2 as the substrate in phosphate buffer (Sinha, 1972) and
he activity of catalase was expressed as  moles of hydrogen per-
xide consumed/min/mg protein.
.9. Activities of metabolic enzymes
The metabolic enzymes such as glutamic oxaloacetate transam-
nase (GOT) and glutamic pyruvate transaminase (GPT) were
nalyzed according to the method of Reitman and Franke (1957)
sing a med  source kit (Med source Oz one Biomedicals Pvt. Ltd.
aryana, India) 0.100 mg  of muscle and hepatopancreas tissues
ere homogenized in 0. 25 M sucrose and centrifuged at 3300g
or 20 min  in a high speed cooling centrifuge at 4 ◦C. The super-
atant was used as the enzyme source. For GOT analysis, the
ubstrate solution, l-Aspartic acid (500 L; pH 7.4) was added to
 100 L sample and incubated at 37 ◦C for 1 h. Further, 500 L of
,4-dinitrophenyl hydrazine was added and allowed to stand for
0 min  at room temperature. Then 3 mL  of freshly prepared 4 N
odium hydroxide solutions were added to the above solution. The
olor development was read at 505 nm using spectrophotometer
ithin 15 min. Sodium pyruvate (160 U/L) was used as a calibrator.
he activity of GOT was expressed as U/L.
For GPT analysis, Buffered l-Alanine, 2-Oxoglutarate substrate
500 L; pH 7.4) was added to a 100 L sample and incubated at
7 ◦C for 20 min. With this, 500 L of 2,4-dinitrophenyl hydrazine
as added and allowed to stand at room temperature for 30 min
ollowed by the addition of 3 mL  of freshly prepared 4 N sodium
ydroxide solution. The color development was read at 505 nm
sing a spectro photometer within 15 min. Sodium pyruvate
170 U/L) was used as a calibrator. The activity of GPT was  expressed
s U/L..10. Statistical analysis
Triplicate samples were used in all experiments. The data were
nalyzed by one way analysis of variance (ANOVA) using SPSSdietary vitamin C requirement of M.  malcolmsonii and containing graded levels of
vitamin C for 90 days. The term “Criteria values” represents the values of a selected
parameter, such as WG and SGR.
(16.0), followed by Duncan’s multiple range test to compare the dif-
ferences among treatments where signiﬁcant differences (P < 0.05)
were observed. Data were expressed as mean ± SD.
3. Results
3.1. Survival, growth and food utilization of prawns
The results on growth performance, survival, and nutritional
directory of prawn diets supplemented with different concen-
trations of dietary vitamin C are presented in Table 2. At the
beginning, no signiﬁcant difference was  observed in the initial
weight between vitamin C and control. Prawn fed diet supple-
mented with 0–100 mg/kg vitamin C had signiﬁcantly enhanced
(P < 0.05) the growth performance, with ﬁnal weight and weight
gain (WG) and speciﬁc growth ratio (SGR) (P < 0.05). There was
no signiﬁcant difference in survival ratio (SR) was  observed dur-
ing among the experimental groups; here the dietary vitamin C
level increasing the performance rate also increased because of
efﬁciency of vitamin C. No signiﬁcant variations were observed
(P > 0.05) during in feed conversion ratio (FCR), speciﬁc growth rate
(SRG) and survival rate after 90 days treatment in prawn fed dif-
ferent diets (Table 2). However, 200 and 400 mg/kg of vitamin C
supplemented diet fed prawns reached poor performance at these
parameters. The present study concentrate to the broken point-line
analysis of WG and SGR showed that the requirement of dietary
vitamin C for M. malcolmsonii was 94.11 mg/kg and 94.24 mg/kg
(Fig. 1).
3.2. Activity of digestive enzymes
Our present study evaluate that the enzymes activities such as
amylase, lipase and protease functions were improved (P < 0.05)
in prawns fed diet supplemented with 0–100 mg  vitamin C/kg
of treated animal compare with control whereas, their levels
were found to be decreased in 200 and 400 mg/kg of vitamin C
supplemented diet fed prawns (Table 3). From this present ﬁndings
represent that, the protease activity was signiﬁcantly increased,
amylase and lipase activities were observed, it‘s found to be slightly
increased in treated with 100 vitamin C mg/kg diet fed prawns
A. Asaikkutti et al. / Aquaculture Reports 3 (2016) 229–236 233
Table  2
Survival, growth and nutritional indices of M. malcolmsonii and fed with different concentrations of Vitamin C supplemented diets.
Parameters Initial Vitamin C concentrations (mg/kg) S.E.M P-value
0a 25 50 100 200 400
SR (%) – 71.15e 71.73d 77.29b 81.53a 75.31c 72.04b,c 0.722 0.01
Length (cm) 1.46 ± 5.12 3.92e 3.75d 5.89 6.48 5.81 5.12c 0.116 0.00
Weight (g) 0.25 ± 0.02 0.63e 0.76 1.42 1.73 1.30 1.24b,c 0.06 0.00
LG  (cm) – 2.46e 2.29d 4.43b 5.02a 4.35c 3.66b,c 0.181 0.00
WG  (g) – 0.38e 0.51d 1.17b 1.48a 1.05c 0.99c 0.082 0.00
SGR  (%) – 0.59e 0.78d 1.05b 1.23a 1.04c 1.03b,c 0.031 0.00
FCR  (g) – 2.72a 2.12b 1.97b 1.29c 1.02d 0.96d 0.121 0.00
M tly dif
( owth 
w
c
e
t
3
t
e
0
t
m
b
(
m
a
s
0
s
w
3
i
(
v
c
s
3
o
r
m
w
a
T
A
M
(ean values within the same row sharing the same superscripts are signiﬁcan
a  > b > c > d > e); SR, survival rate; LG, length gain; WG,  weight gain; SGR, speciﬁc gr
a Vitamin C free diet; n = 3 (three samples from each treatment), mean ± SD.
eigh against with control, but this was not statistically signiﬁ-
ant. In the present study authentically proved that the all digestive
nzymes were signiﬁcantly increased in M.  malcolmsonii while
reated with prawns fed diet supplemented vitamin C mg/kg.
.3. Mineral concentration and muscle biochemical compositions
The various concentrations of dietary vitamin C supplemen-
ation on mineral concentration and biochemical compositions
ffect are shown in Table 4. Prawn fed on diet supplemented with
–100 mg/kg vitamin C illustrated signiﬁcantly (P < 0.05) increased
o total percentage of nitrogen and crude protein levels. And the
uscle biochemical compositions of total protein, amino acids, car-
ohydrate, lipid, and ash contents were also radically enhanced
P < 0.05) in prawns fed on supplemented diet with 0–100 mg  vita-
in  C mg/kg compared to the control. The mineral salts contents
nd distribution of Cu, Fe, Ca, Mn,  Mg,  Na, Mn,  and K, were con-
iderably improved in prawns fed on supplemented diet with
–100 mg  vitamin C mg/kg. However, vitamin C content was con-
iderably (P < 0.05) improved in prawns fed on supplemented diet
ith 25–100 mg  vitamin C mg/kg (Table 4).
.4. Haemocytes population
Total and differential haemocytes count (hyalinocytes, sem-
granulocytes and granulocytes) were also radically enhanced
P < 0.05) in prawns fed on supplemented diet with 25–100 mg
itamin C mg/kg as contrast to the control. However, vitamin C
ontent was signiﬁcantly (P > 0.05) decreased in 200–400 mg/kg
upplemented diet fed prawns (Table 5).
.5. Antioxidant activities and metabolic enzymes activities
The present investigation revealed to the potential effect
f antioxidant enzymatic activities and metabolic activities are
epresented. The probable impact of vitamin C on antioxidant enzy-
atic activities and metabolic activities (SOD, CAT, GOT, and GPT)
ere investigated by taking muscle and hepatopancreas (Tables 6
nd 7) of prawns all the treated groups after 90 days of culture
able 3
ctivities of digestive enzymes (U/mg protein) in M. malcolmsonii and fed with different c
Enzymes Initial* Vitamin C concentrations (mg/kg) 
0a 25 50 
Protease 0.28 ± 0.05 0.97e 1.11d 1.63b
Amylase 0.19 ± 0.02 0.75e 0.82d 1.32b
Lipaseb 0.87 ± 0.06 0.25e 0.38d 0.47b
ean values within the same row sharing the same superscripts are signiﬁcantly dif
a  > b > c > d > e);
a Vitamin C free diet; n = 3 (three samples from each treatment), mean ± SD.
b ×102; n = 3 (three samples from each treatment), mean ± SD.ferent (P < 0.05); S.E.M, standard error of the mean; a–e, order of performance
rate; FCR, feed conversion ratio.
revealed that no signiﬁcant alterations were observed compared
to the control.
4. Discussion
In the present ﬁndings conﬁrmed that, the essentiality of dietary
vitamin C with respect to maximal growth and immune responses
of M. malcolmsonii. The growth performance, feed utilization, and
muscle composition of the M. malcolmsonii were not different
among prawns fed diets containing 0–100 mg vitamin C/kg in the
present study. In the present work supported our hypothesis that
M. malcolmsonii are nearly all probable able to synthesize sufﬁ-
cient vitamin C for their normal growth. Through this experiment,
increasing dietary vitamin C levels resulting in increased length and
weight of M. malcolmsonii and the broken-line regression analysis
on WG and SGR of M.  malcolmsonii suggested that the require-
ment of dietary vitamin C was  94.11 mg/kg and 94.24 mg/kg. As the
results, interactive effects of vitamin C on growth performance have
been reported for several ﬁsh and prawn species such as Atlantic
salmon (Hamre et al., 1997), lake sturgeon (Moreau et al., 1999), and
hybrid striped bass (Sealey and Gatlin, 2002) prawns (Cavalli et al.,
2001, 2003; Liang et al., 2015; Wang and Huang, 2015; Chen et al.,
2015). The weight gain and feed conversion of prawns decreased
with the increasing levels of vitamin C in diets, although the survival
rate and moulting frequency remained roughly constant regard-
less the dietary vitamin C levels. Diets are often supplemented
with vitamin C as an essential dietary requirement in penaeid
shrimp. Deﬁciencies in vitamin C can result in poor feed con-
version, poor growth, incomplete moulting, decreased resistance
to stress, high mortality, impaired wound healing and melanised
lesions underneath the exoskeleton (He and Lawrence 1993; Chen
and Chang 1994; Shiau and Hsu 1994). Vitamin C accumulates in
the crustacean ovary during vitellogenesis (Guary and Guary, 1975)
with vitamins A, E and C known to enhance ovarian development
(Alava et al., 1993). Many nutritionists have used l-ascorbyl-2-
polyphosphate (ApP) as a source of vitamin C (Grant et al., 1989; He
and Lawrence 1993; Kontara et al., 1997), since this form is resistant
oncentrations of Vitamin C supplemented diets.
S.E.M P-value
100 200 400
1.84a 1.60c 1.58b,c 0.058 0.00
1.57a 1.29c 1.22b,c 0.051 0.00
0.58a 0.416c 0.38b,c 0.017 0.00
ferent (P < 0.05); S.E.M, standard error of the mean. a–e, order of performance
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Table 4
Concentrations of biochemical constituents in M. malcolmsonii fed with different concentrations Vitamin C supplemented diets.
Parameters Initial Vitamin C concentrations (mg/kg) S.E.M P-value
0a 25 50 100 200 400
Total nitrogen (% dry wt.) 4.26 ± 0.11 7.91e 8.54d 10.03b 10.53a 9.43bc 9.26c 0.171 0.00
Crude protein (% dry wt.) 25.16 ± 1.21 42.38e 44.53d 59.42b 67.46a 57.66bc 52.36c 1.962 0.02
Total  protein (mg/g wet wt.) 47.56 ± 1.31 121.91e 134.56d 164.31c 210.93a 210.10a 205.50b 8.755 0.04
Amino acid (mg/g wet wt.) 27.13 ± 3.21 83.94e 95.29d 128.23b 152.33a 117.36b,c 112.25c 4.335 0.02
Carbohydrate (mg/g wet wt.) 20.16 ± 1.11 43.14e 48.12d 52.74b 61.54a 51.45b,c 50.03c 1.125 0.00
Lipid  (mg/g wet  wt.) 10.48 ± 1.52 19.39e 27.14d 30.12b 32.52a 29.40b,c 29.07c 0.792 0.00
Ash  (%) 10.17 ± 0.15 13.15f 14.56e 15.68d 17.18a 15.53d 14.52e 0.274 0.00
Moisture (%) 75.17 ± 1.72 72.14a 69.43a 61.40a 48.54c 52.91e 36.32f 2.613 0.00
Whole body minerals content (g/g)
Ca – 52.06e 60.27d 82.59c 125.73a 118.80a 110.47b 6.124 0.01
Cu  – 34.55e 39.59d 65.89b 96.33a 63.12b,c 60.43c 4.363 0.00
Fe  – 27.55e 38.59d 47.51b 72.63a 45.15b,c 43.17c 4.921 0.00
K  – 85.55e 92.56d 122.45b 141.73a 120.32b,c 116.05c 4.117 0.00
Mg  – 100.95e 114.15d 138.73b 162.41a 135.55b,c 128.17c 3.726 0.01
Na  – 100.64e 121.42d 148.53b 169.55a 141.42b,c 135.04c 4.601 0.01
Zn  – 41.38e 45.58d 67.39b 79.42a 66.46b,c 62.64c 2.213 0.00
Vitamin C – 3.29f 26.13e 50.61d 105.56c 211.31b 403.11a 9.281 0.00
Mean values within the same row sharing the same superscripts are signiﬁcantly different (P< 0.05); S.E.M, standard error of the mean. a–f, order of performance
(a  > b > c > d > e > f);
a Vitamin C free diet; n = 3 (three samples from each treatment).
Table 5
Concentrations of population of haemocyte (THC and DHC) in M. malcolmsonii fed with different concentrations Vitamin C supplemented diets.
Parameters Vitamin C concentrations (mg/kg) S.E.M P-value
0a 25 50 100 200 400
THC (×106cells ml−1) 12.57f 14.48e 16.24d 19.66a 18.44b 17.07c 0.491 0.00
DHC  (×106cells ml−1) Hyalinocytes 2.75e 3.06d 3.32c 4.31a 4.05a 3.58b 0.129 0.00
Semigranulocytes 1.66e 1.97d 3.39b 3.49a 2.98b,c 2.87c 0.145 0.00
Granulocytes 1.24f 1.43e 1.96c 2.27a 2.10b 1.73d 0.079 0.00
Mean values within the same row sharing the same superscripts are signiﬁcantly different (P < 0.05).
a–f,  order of performance (a > b > c > d > e > f); THC total haemocyte count, DHC differential haemocyte count.
a Vitamin C free diet; n = 3 (three samples from each treatment); S.E.M, standard error of the mean.
Table 6
Activities of antioxidant and metabolic enzymes in the muscle of M. malcolmsoni fed with different concentrations of Vitamin C supplemented diets.
Enzymes Initial* Days Vitamin C concentrations (mg/kg) S.E.M P-value
0a 25 50 100 200 400
SOD(mol/min/mg protein) 3.79 ± 1.05 30days 7.69b 7.69b 7.99b 8.29a 8.46a 8.79a 0.724 0.00
60days 8.25b 8.59b 8.68b 8.96b 9.17a 9.47a 0.599 0.00
90days 8.32b 8.67b 8.78b 9.12a 9.28a 9.52a 0.627 0.01
CAT  (U/mg protein) 11.04 ± 1.02 30days 14.34f 15.12e 17.746d 23.44a 21.32b 19.49c 0.592 0.03
60days 14.88f 16.76e 18.57d 24.67a 22.42b 20.64c 0.653 0.02
90days 15.42f 17.63e 20.74d 25.65a 23.22a 21.09c 0.661 0.01
GOT  (U/L) 6.25 ± 1.04 30days 8.92f 9.56e 10.78c 13.82a 11.44a 9.75d 0.307 0.00
60days 9.12f 10.76e 11.65d 14.43a 13.13a 10.32e 0.339 0.00
90days 9.59f 11.54e 12.87d 14.74a 14.12a 12.643 0.345 0.09
GPT  (U/L) 7.54 ± 1.04 30days 9.44e 10.64c 11.45b 13.65a 10.11d 8.06f 0.292 0.00
60days 9.54b,c 11.43a,b,c 12.34a,b 14.42a 8.48c 9.23b,c 0.513 0.11
90days 9.86f 11.67d 12.84c 14.93a 12.32c 10.54e 0.326 0.13
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Sean values within the same row sharing the same superscripts are signiﬁcan
a  > b > c > d > e > f).
a Vitamin C free diet; n = 3 (three samples from each treatment); S.E.M, standard
o oxidation and degradation during feed processing and storage
Castille et al., 1996).
To our knowledge, this is the ﬁrst statement investigating the
otential impact of dietary and growth, digestive enzyme activ-
ties, muscle biochemical compositions, and antioxidant status of
itamin C in giant freshwater prawn M.  malcolmsonii. In the present
xperiment, growth performance positively correlated with dietary
itamin C levels, which was consistent with the results observed in
any other ﬁsh species (Ai et al., 2004; Eo and Lee, 2008; Lin and
hiau, 2005; Zhou et al., 2012), and sea bream and large yellowfferent (P < 0.05); S.E.M, standard error of the mean. a–f, order of performance
of the mean.
croaker (Ai et al., 2004). Our ﬁndings agreed to the supported the
optimal dietary vitamin C requirement of juvenile yellow catﬁsh,
grass carp and Marsupenaeus japonicus (Liang et al., 2015; Li et al.,
2014; Nguyen et al., 2012; Wang and Huang, 2015).
The increases evidences in muscle biochemical compositions,
such as total nitrogen, protein, amino acid, carbohydrate, lipid, and
ash suggests that dietary iron has inﬂuence on nutrient absorption
and enhances the synthesis and storage of protein, amino acids,
carbohydrate,and lipid in M. malcolmsonii. Concentration-based
increase and decrease in protein, lipid, fatty acid and ash contents
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Table  7
Activities of antioxidant and metabolic enzymes in the hepatopancreas of M. malcolmsoni fed with different concentrations of Vitamin C supplemented diets.
Enzymes Initial* Days Vitamin C concentrations (mg/kg) S.E.M P-value
0a 25 50 100 200 400
SOD (mol/min/mg protein) 3.79 ± 1.05 30days 14.74c 19.61c 24.71b 26.26a 26.39a 26.37a 1.531 0.00
60days 15.99d 21.59c 25.68b 26.76a 27.17a 27.47a 1.672 0.00
90days 17.15d 22.67c 23.78b 28.59a 28.07a 28.15a 1.731 0.00
CAT  (U/mg protein) 11.04 ± 1.02 30days 22.31b 24.12a 24.46a 24.64a 24.32a 25.11a 0.594 0.04
60days 23.81c 24.76b 24.57b 25.67a 25.42a 26.64a 0.654 0.00
90days 24.11b 25.11b 25.74b 26.81a 25.70b 25.09b 0.660 0.01
GOT  (U/L) 6.25 ± 1.04 30days 8.71f 9.52e 10.75c 13.84a 11.45a 9.74d 0.310 0.00
60days 9.17f 10.78e 11.68d 14.44a 13.14a 10.22e 0.341 0.01
90days 9.98f 11.13e 12.88d 14.76a 14.16a 12.43b 0.348 0.00
GPT  (U/L) 7.54 ± 1.04 30days 9.43e 10.62c 11.44b 13.66a 10.10d 8.05f 0.291 0.00
60days 9.51b,c 11.41a,b,c 12.35a,b 14.47a 8.47c 9.21b,c 0.568 0.01
90days 9.85f 11.66d 12.83c 14.92a 12.38c 10.51e 0.337 0.00
M tly di
(
 error 
h
f
D
s
(
h
a
e
c
w
a
e
c
w
t
t
t
2
v
w
d
i
i
i
h
t
t
n
d
i
p
i
d
(
t
p
r
s
b
o
h
h
oean values within the same row sharing the same superscripts are signiﬁcan
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a Vitamin C free diet; n = 3 (three samples from each treatment); S.E.M, standard
ave been reported in vitamin C supplemented diet fed Pelteobagrus
ulvidraco Richardson (Liang et al., 2015), Perca ﬂavescens (Lee and
abrowski, 2004), Pelodiscus sinensis (Wang and Huang, 2015) Mar-
upenaeus japonicas (Nguyen et al., 2012) Ctenopharyngodon idellus
Li et al., 2014). From this previous report, it is admirable to declare
ere that vitamin C plays a vital role in lipid, protein, carbohydrate
nd metabolism in M.  malcolmsonii. Diets containing different lev-
ls of vitamin C did not signiﬁcantly affect whole body proximate
omposition. In contradiction to the report of Chen et al. (2015), in
hich carcass moisture and protein contents were little changed,
nd lipid content was markedly impacted by dietary vitamin C lev-
ls in great sturgeon Huso huso, whole-body moisture and protein
ontents were markedly changed, while whole body lipid content
as poorly affected in response to vitamin C supplementation in
his study.
Generally, the least dietary requirement of vitamin C to main-
ain normal physiological function and tissue storage is higher than
hat to maintain maximal growth (Xiao et al., 2010; Chen et al.,
015), which was also the situation in this study. However, close
alues of dietary vitamin C requirement were obtained based on
eight gain in Cirrhinus mrigala (Zehra and Khan, 2012). Due to the
ietary supplementation of vitamin C was increased contents of
ron, phosphorus, sodium, and copper utilization has been reported
n M.  rosenbergii (Cavalli et al., 2001, 2003). In the present ﬁnd-
ngs 100 mg/kg of vitamin C supplemented diet fed prawns showed
igher absorption of minerals when compared to control. It shows
he information that mineral utilization of prawns was based on
he level of vitamin C supplementation.
The digestive enzyme in crustacean plays a fundamental role in
utritional physiology and regulates the growth and moult cycle
irectly or indirectly. In the present report explained that the
ncreased activity of digestive enzymes recorded indicates that sup-
lemented vitamin C has improved on digestive enzyme secretion
n M.  malcolmsonii. Vitamin C is one of the most important antioxi-
ants that may  reduce the risk of cancer using various mechanisms
Jacobs et al., 2001). Vitamin C is a potent antioxidant that prolongs
he life of erythrocytes and plays an essential role in cellular res-
iration (Nayak et al., 2007). Hardie et al. (1991) pointed out that
ed blood cells (superoxide anion) activity; erythrophagocytosis,
erum total protein and differential leucocyte were not inﬂuenced
y the dietary vitamin C levels for Atlantic salmon. In aquatic
rganisms, the immune status can be determined by studying the
aematological parameters like blood cell counts. Few researchers
ave proven the immune stimulating ability of minerals in aquatic
rganisms (Lall, 2002). Our present results revealed that the totalfferent (P < 0.05); S.E.M, standard error of the mean. a–f, order of performance
of the mean.
and differential haemocytes count (hyalinocytes, semigranulocytes
and granulocytes) were also radically enhanced (P < 0.05) in prawns
fed on supplemented diet with 25–100 mg/kg of vitamin C sug-
gest that it has subjective the construction of haemocytes in M.
malcolmsonii compared to the control.
The normal metabolism of organisms, the production and elim-
ination of reactive oxygen species (ROS) maintain the dynamic
balance. The antioxidant enzyme such as SOD, CAT and GPX can
remove excessive damaging ROS, reducing the damage by lipid
peroxidation (Freeman and Crapo, 1957; Liang et al., 2015). There-
fore, we  can examine the activities of SOD, CAT, GOT and GPT to
evaluate the effects of vitamin C on the antioxidant defenses in
M. malcolmsonii. In this study, prawn fed the diets supplemented
with vitamin C had higher SOD, CAT GOT and GPT activities than
those fed vitamin C-deﬁcient diet. These results demonstrated that
dietary vitamin C has a positive effect on antioxidant capacity
of M. malcolmsonii. These ﬁndings were in agreement with those
reported Liang et al. (2015) however; some studies indicated that
higher dietary vitamin C levels did not improve antioxidant capac-
ity of channel catﬁsh (Li et al., 1993), and juvenile cobia (Zhou et al.,
2012).
5. Conclusion
In conclusion, this present ﬁndings demonstrated that dietary
vitamin C could signiﬁcantly progress the growth performance and
antioxidant status, increasing the activity of digestive enzymes
and better survival of the M. malcolmsonii. Based on the broken-
line regression between SGR and WG against dietary vitamin C
levels, the optimal dietary vitamin C requirement based on SGR
and WG were estimated to be 94.24 mg/kg and 94.11 mg/kg diet
respectively. Among these vitamin C supplementations, 100 mg/kg
of vitamin C produced better performance in M. malcolmsonii, sug-
gesting that 100 mg/kg of vitamin C supplementation is optimal for
production of the giant prawn M.  malcolmsonii. Successful aqua-
culture processes can be possible through supplementation of the
Vitamin C for feed in the formulated feed which is more efﬁcient
for the enhancement of growth and feed efﬁciency. Even though
these promising ﬁndings, prospect studies are required for an entire
assessment of its wide application in various species of prawns.Conﬂict of interest
The authors declare no conﬂicts of interest in this work.
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